Background. Hepatocellular carcinoma (HCC) is a complication of chronic hepatitis B and C virus (HBV and HCV) infection. New York City (NYC) has a high prevalence of HBV and HCV, and infected persons likely face increased mortality from HCC and other causes. We describe the mortality profile of NYC residents with HBV or HCV, emphasizing the contributions of HCC and HIV coinfection.
across all individuals diagnosed with chronic viral hepatitis in NYC over a 12-year period.
METHODS

Analytic Data Set Generation
Two previously generated data sources were matched for this analysis: (1) Cancer Registry matched to hepatitis B and C cases reported to the Health Department during 1999-2012. Match methods and data set details for each component data set are described elsewhere [17, 18] .
These two data sets were used to create a master analytic data set of all HBV and HCV cases first reported to the Health Department during 2001-2012, with HCC diagnoses, HIV diagnoses, or death occurring during the same period. Cases were matched using unique Health Department identification numbers present in each data set, leading to 99.3% of HCC cases being successfully matched to the PCSI data set. Individuals whose hepatitis infection was diagnosed before their date of birth (n = 27) and those diagnosed with HCC (n = 3) or viral hepatitis (n = 222) after death were excluded. Additionally, individuals coinfected with HCV and HBV (n = 5134) were not included because of their small number relative to monoinfected individuals.
Statistical Analysis
Descriptive analyses examined patient gender, year of birth, HIV, HCC, and vital status, and age at viral hepatitis diagnosis, HCC diagnosis, and HIV diagnosis stratified by HBV or HCV infection. Socioeconomic status was estimated by calculating the ZIP code-based neighborhood poverty level for each individual based on their ZIP code reported at hepatitis diagnosis. Neighborhood poverty level was defined as the percentage of individuals in a given ZIP code with incomes <100% of the federal poverty level Statistical differences between groups were assessed using chi-square tests for categorical variables and t tests (or Wilcoxon tests if not normally distributed) for continuous variables.
The incidence of HCC was calculated separately for those with HBV and HCV, using the number of cases of HCC from 2001-2012 for each infection group as the numerator and the person-years contributed from the time of viral hepatitis diagnosis to HCC diagnosis, death, or December 31, 2012, as the denominator. Cases where hepatitis infection was diagnosed after HCC (n = 608) were excluded from the incidence calculations. The incidence was age-adjusted using the US 2000 Standard Population [19] .
The odds of being diagnosed with HCC or HIV for those with HBV vs HCV were calculated using a logistic regression model, with HCC status or HIV status as a binary outcome. Models were adjusted for gender, age at and year of hepatitis diagnosis, neighborhood poverty level, and, in the case of HCC as the outcome, HIV status. Year of viral hepatitis diagnosis was included to account for the duration of known infection during the study period, whereas age at viral hepatitis diagnosis was included to account for the length of time an individual likely lived with undiagnosed infection, both of which could influence opportunities for liver health screening, changes in health behaviors, or other factors that could influence the outcomes of interest.
In addition to vital status, data were available on the underlying cause of death for each deceased individual, recorded using International Classification of Diseases, 10 th Revision (ICD-10),
codes. The most common causes of death were examined, categorized, and presented stratified by viral hepatitis type (see Supplementary Table 1 for ICD-10 categorizations). Kaplan-Meier analysis was used to examine the median survival time and survival probability since viral hepatitis diagnosis. Survival time was calculated from the date of viral hepatitis diagnosis to the date of death or censored at December 31, 2012. The crude relative hazard of death for those with HCV vs HBV was calculated using Cox proportional hazard regression, as was the hazard adjusted for HCC status, HIV status, gender, year and age at hepatitis diagnosis, and neighborhood poverty level. Additionally, proportional hazards regression was used to model the hazard of death separately for those with HBV or HCV, stratified by HCC and/or HIV status and adjusted for gender, age and year of hepatitis diagnosis, and neighborhood poverty level. Violations of the proportional hazards assumption were identified in both the models for HCV and HBV among those with HCC and HIV; an interaction term with time was included for these groups, and hazard ratios are presented for specific time points (6 months, 1 year, and 5 years after viral hepatitis diagnosis). To avoid the possibility that having HCC could influence the timing of viral hepatitis diagnosis relative to those without HCC, all survival analyses excluded those with HCC diagnoses within 6 months of viral hepatitis diagnosis (n = 358 for HBV; n = 450 for HCV).
Statistical analyses were performed using SAS, version 9.4 (SAS Institute, Cary, NC). The Institutional Review Boards of the NYC Health Department and the NYC Department of Health approved the study. 4 ; P < .01); however, the median age at death was very similar for both groups (Figure 1) , and well below the cutoff for premature death (ie, age 65 years) [20] .
RESULTS
During
HIV Coinfection
HIV coinfection was more common among those with HCV than HBV (12.5% vs 3.7%, respectively; P < .01). The adjusted odds of HIV coinfection were 3.2 times larger for those with HCV than those with HBV (adjusted odds ratio [aOR], 3.18; 95% confidence interval [CI], 3.06-3.30). A greater proportion of deceased individuals had HIV coinfection compared with those alive at the end of the study period (Tables 1 and 2) . Among all individuals with HIV, 23.5% of those with HCV coinfection and 19.5% of those with HBV coinfection were deceased by the end of 2012.
HCC Diagnoses
There were 1203 cases of HCC diagnosed among those with HBV (1.0%) and 2688 among those with HCV (2.1%) during 2001-2012. The age-adjusted incidence of HCC was 156.1 cases per 100 000 person-years for those with HBV and 226.8/100 000 person-years for those with HCV. For individuals with HBV, the median age at viral hepatitis diagnosis (IQR) was 51.8 (43.5-61.6) years for those with HCC vs 37.3 (28.1-48.6) years (P < .01) for those without HCC. Individuals with HCV and HCC were diagnosed with HCV at a median age (IQR) of 58.2 (52.6-66.2) years vs at age 50.6 (41.8-57.1) years (P < .01) if they did not have HCC.
The adjusted odds of an HCC diagnosis were 17% higher among those with HCV than those with HBV (aOR, 1.17; 95% CI, 1.09-1.26). Using separate models for individuals with HBV and HCV, factors associated with HCC diagnosis were examined. For both those with HBV and HCV, male gender and increasing age at viral hepatitis diagnosis were associated with increased odds of HCC diagnosis, whereas HIV coinfection "Gender" is classified according to available information about an individual's gender identity and sex assigned at birth from laboratory reporting, medical records, and patient self-report. Most persons identified as transgender had their gender identity collected through HIV surveillance, so persons not co-infected with HIV tend to be classified as female or male, even if they are of transgender experience. Column percentages may not sum to 100% due to rounding.
Abbreviation: HCC, hepatocellular carcinoma. a Percentage of total.
b "Gender" is classified according to available information about an individual's gender identity and sex assigned at birth from laboratory reporting, medical records, and patient self-report.
Most persons identified as transgender had their gender identity collected through HIV surveillance, so persons not co-infected with HIV tend to be classified as female or male, even if they are of transgender experience. c Neighborhood poverty level was defined as the proportion of residents in the ZIP code at the time of the first hepatitis report with incomes below 100% of the federal poverty level.
and increasing year of hepatitis diagnosis were associated with decreased odds (Table 3) .
Mortality by HCC and HIV Status
The 10-year survival rate after HBV diagnosis was 52% among those with HCC compared with 96% among those without HCC. Among those with HCV, the 10-year survival rate was 35% for those diagnosed with HCC compared with 83% for those without HCC. The unadjusted relative hazard of death was 4 times higher for those with HCV than those with HBV (hazard ratio [HR], 4.08; 95% CI, 3.94-4.23). After adjustment, those with HCV were 2 times more likely to die after hepatitis diagnosis than those with HBV (adjusted HR, 2.04; 95% CI, 1.96-2.12). Figure 2A and B displays the survival curves for individuals with HBV and HCV, respectively, stratified by both HCC and HIV status. Hazard ratios comparing the risk of death for those with HIV, HCC, or both vs neither condition indicated that for both the HBV-and HCV-infected groups, the risk of death increased for those with either HCC or HIV compared with those without these conditions and was highest for individuals with both HCC and HIV (and increased over time) (Table 4) .
To further characterize mortality, the underlying cause of death was examined for deceased individuals. Death due to HCC was the fourth leading cause of death for those with HBV (12.7% of deaths) and the seventh leading cause for those with HCV (7.4% of deaths) ( Table 5) . HIV/AIDS-associated causes of death were the third most common for both HBV-and HCV-infected individuals. Unsurprisingly, the large majority of deaths among those with HCC was due to HCC, though that percentage was greater for those with HBV than those with HCV (74.3% of deaths vs 65.9%) (data not shown).
DISCUSSION
This study examined the relationship between viral hepatitis infection, HIV infection, HCC, and survival among NYC residents over a 12-year period. We found that overall survival was worse for those with HCV than those with HBV; 12.2% of the cohort with HCV died vs 3.2% of those with HBV. The crude risk of death was 4 times higher for those with HCV than HBV, and 2 times higher after adjustment, consistent with findings from other studies [21] and with our previous findings on survival specifically among individuals with HCC [17] . Individuals with HCV were also 3.2 times more likely to be diagnosed with HIV and 17% more likely to be diagnosed with HCC than those with HBV, even after adjusting for other factors that might have affected these diagnoses. Those with HCV were on Abbreviations: CI, confidence interval; OR, odds ratio. a Odds ratio undefined because no individuals with hepatitis B and hepatocellular carcinoma were identified as transgender.
b "Gender" is classified according to available information about an individual's gender identity and sex assigned at birth from laboratory reporting, medical records, and patient self-report. Most persons identified as transgender had their gender identity collected through HIV surveillance, so persons not co-infected with HIV tend to be classified as female or male, even if they are of transgender experience. c Neighborhood poverty level was defined as the proportion of residents in the ZIP code at the time of the first hepatitis report with incomes below 100% of the federal poverty level. average 10 years older at the time of viral hepatitis diagnosis and at HCC diagnosis than those with HBV, which is consistent with the most common risk factors for HBV and HCV infection in NYC; among those with HCV, injection and intranasal drug use are some of the most commonly reported risk factors [22] , whereas most individuals with HBV in NYC were born in HBV-endemic countries and likely acquired their infections at birth or as children [23] . The older age at diagnosis for individuals with HCV implies that many of these individuals lived for many years with undetected infection, delaying the receipt of appropriate medical care, screening opportunities, chances for treatment initiation, and other measures that could have limited negative health consequences associated with delayed diagnosis, which include hospitalization (all cause), advanced liver disease, and death (all cause) [24] . Our finding that the odds of an HCC diagnosis increases with increasing age at viral hepatitis diagnosis reinforces this point. As found in other studies, HIV coinfection was much more common among those with HCV than those with HBV [7, 25] . However, HIV/AIDS-related conditions caused a relatively equal proportion of deaths across both groups, and a roughly equal proportion of HIV/HCV-coinfected vs HIV/HBVcoinfected individuals were deceased by the end of the study period, consistent with other findings that the death rates among individuals with HIV are similar between those with HBV or HCV coinfection [7] . In examining the factors associated with HCC diagnosis, HIV infection appeared to be a significant protective factor for those with HCV and those with HBV. However, it might only appear protective because many of those with HIV coinfection died before they could develop HCC, especially for those diagnosed earlier in the study period when HIV-related and all-cause mortality among individuals with HIV was higher [26] . In another study of HCV and mortality in NYC, individuals with HIV coinfection died at a median age of 52.0 years [8] , which is more than 10 years before the median age of HCC diagnosis among HCV-infected individuals in our study. Alternatively, there might be underdiagnosis of HCC among individuals with HIV infection, as providers might be too occupied with their patients' HIV-related care to consider recommendations for HCC screening.
Although there was an elevated risk of death associated with either an HIV or HCC diagnosis, both conditions together appeared to act synergistically to further worsen survival, with the risk of death progressively increasing over time. The magnitude of the association between each of these conditions with death was much larger for those with HBV than those with HCV; at the same time, those with HCV had an increased risk of death compared with those with HBV regardless of HCC/ HIV status. This suggests that HIV and HCC might be more substantial drivers of mortality for HBV-infected individuals who experience these conditions, whereas HCV-infected individuals in this study might have more competing sources of mortality, especially given the older age of this cohort [24] . Supporting this finding is that among HBV-infected individuals with HCC, 74.3% of those who died during the study period died of HCC, compared with 65.9% of those with HCV and HCC, consistent with studies showing that those with HBV have a higher risk of liver-related mortality than those with HCV, and with our previous investigation into this population [8, 18, 27] . However, given the higher likelihood of both HIV and HCC diagnoses and the greater number of deaths overall among individuals with HCV, HCC and HIV still represent substantial risks to survival for these persons. This study has several limitations. Demographic information is limited to gender, date of birth, and patient address, as the majority of the data were from HBV and HCV laboratory reports collected through passive, routine surveillance; factors such as race/ethnicity or clinical details like comorbidities could not be accounted for in the analysis. However, we have previously examined the distributions of race/ethnicity among individuals with HCC and either HBV or HCV in NYC and found that those distributions aligned with what we had observed during periodic random surveys of our general HBV and HCV surveillance cohorts [18, 22, 28] . Additionally, without information on outmigration, our incidence calculations are likely underestimated, as the number of HCC cases would be undercounted and the person-time would be overestimated. In addition, deaths occurring outside NYC among NYC residents were not captured; however, it is likely that missing death data are nondifferential by viral hepatitis status. On the other hand, misclassification in cause of death data, which is often found to be a problem [29] , might be differential between those with and without HCC or between those with HCV and HBV. Another limitation is that we do not have the date of viral hepatitis infection but only the date of first positive hepatitis test in NYC. Not only might this not be the actual date of diagnosis if an individual first tested positive outside of NYC, but it also might have little relation to the actual date of infection, as most new HBV and HCV infections are asymptomatic and do not prompt testing. Diagnosis date in NYC therefore more likely reflects general screening practices or clinical factors that might prompt testing, such as symptoms related to the development of HCC. Exclusion of HBV and HCV cases diagnosed in the 6 months before HCC diagnosis in our survival analyses was an attempt to lessen this bias.
A final limitation of this study is that matched data were only available through 2012. Matches of this extent are rarely available, and this study took advantage of already existing match efforts to create a combined data set to investigate unexamined aspects of survival among individuals with HBV or HCV in NYC. Indeed, a strength of this study is the successful effort to integrate many different data sources to make a large, comprehensive data set with a large sample size. Though the data are less recent, we believe the conclusions are still relevant and illuminating. In particular, this study demonstrates what might continue to happen to individuals with HCV if access to new curative therapies is not extensive. During the period of this study, treatments for HCV were much less effective, and treatment uptake and cure were low [30] ; treatment likely played a limited role in influencing survival in the cohort examined here. However, going forward, the improved treatments are expected to reduce overall mortality and HCC incidence, especially if individuals are treated before they have a chance to develop cirrhosis [31, 32] . We hope to be able to more directly measure the impact of these new medications on survival in the future.
This study found that HCC is a substantial burden and risk factor for NYC residents with HBV or HCV and significantly increased the risk of death in this population. As many of those in the HCV-infected cohort are baby boomers, the elevated risk of HCC and its increasing risk with age are particularly concerning [33] . Additionally, as in the United States generally, NYC is experiencing an increase in HCV infections among younger individuals [34] [35] [36] . Our study contributes to the concern for this population, as these younger individuals face a lifetime of increased risk of morbidity and mortality related to their infection unless promptly treated.
These findings emphasize the need for prevention activities, including preventing HIV coinfection and the provision of harm reduction services. For HCV, the urgency to treat and cure as many individuals as possible before they develop cirrhosis is even more tangible, as this will be an important way to reduce many of the drivers of morbidity and mortality, including liver disease and liver cancer [28, 37] . For HBV, the emphasis needs to be on appropriate monitoring of infection and control through treatment, as indicated, and appropriate screening for liver disease and HCC [38] , given its outsize impact on mortality for these individuals.
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